In a population-based study of older Swedish women, we investigated if clinical vertebral fracture was associated with lower health-related quality of life (HRQoL) and determined whether the association remained over time. Clinical vertebral fracture was associated with lower HRQoL and the effect persisted for up to 18.9 years. Introduction Vertebral fractures are often associated with back pain and reduced physical function, which might result in isolation and depression. As a result, women with vertebral fractures often have lower health-related quality of life (HRQoL), but during what time frame the decrease lingers is unclear. Therefore, the aim of this study was to investigate if clinical vertebral fracture and hip fracture were associated with lower HRQoL and to determine whether the associations remained over time.
Introduction
Osteoporosis is a growing global public health concern [1]. It is an age-related condition defined by low bone mineral density (BMD) with increased risk of low-energy fractures, primarily of the hip, vertebrae, humerus, and distal radius [2, 3] . Vertebral fractures caused by osteoporosis affect women to a larger extent than men and the prevalence increases with age, where approximately 25% of postmenopausal women over 50 years and 40% of those over 80 years sustain a vertebral fracture [4] . Approximately one-third of the vertebral fractures are related to a fall, whereas about half occur without any known trauma [5] . Due to the need of imaging procedures to establish the diagnosis of a vertebral fracture, only one of three individuals come to clinical attention [6, 7] .
Vertebral fractures are related to increased mortality [8] and are often associated with back pain, which may result in lower physical performance, social isolation, and depression [9] . Local pain originating from vertebral fractures have been shown to last for 3 years or more [10] but many also pass without any serious symptoms [11] . Back pain and fear of falling, due to vertebral fractures, often reduce the individual's capacity and ability to perform physical activities. A more sedentary and inactive lifestyle will consequently accelerate further bone loss leading to aggravated osteoporosis [12] and increased risk of new fractures.
Older women who have sustained vertebral fractures have considerably lower health-related quality of life (HRQoL) than women without [13, 14] . It has recently been reported that morphometric vertebral fractures, identified with vertebral fracture assessment (VFA), was associated with lower HRQoL and back pain [14] . Also, the severity and number of vertebral fracture were related to level of HRQoL [14] . However, for how long such effect persists is still being debated. Studies investigating time since onset of vertebral fracture, and its effect on HRQoL, have shown that a residual effect lasts for up to 7 years post-fracture [15] [16] [17] . Today, there is highly effective treatment for osteoporosis decreasing the risk of fragility fractures and especially vertebral fractures [18] [19] [20] . There is some evidence that if more individuals affected by vertebral fractures were to be identified and were to receive treatment, not only would the risk of future fractures decline, but also improve HRQoL [21] and reduce experience of back pain [22, 23] .
The aim of this study was to investigate whether a history of clinical vertebral fracture was associated with lower HRQoL in older women compared to women without any VFA-assessed vertebral or other clinical fracture and to determine whether the association remained over time since the clinical fracture.
Methods

Participants
The Sahlgrenska University hospital Prospective Evaluation of Risk of Bone fractures-the SUPERB study is a populationbased prospective study in Gothenburg, Sweden. A national population register was used to identify women, between the age of 75 and 80 years, living within the greater Gothenburg area. The age span was chosen to identify predictors for hip fracture, which has a peak incidence after 80 years in Sweden. An initial manual screening was done based on home address, excluding those residing in special housing, and to ensure that the participants were within the right age range. A total of 6832 women were contacted by letter, followed by telephone. Inclusion criteria were that the participating women should be able to walk with or without walking aid, communicate in Swedish, both verbally and in writing, and to be able to provide a voluntarily and self-chosen consent to participate. Out of all contacted women, 436 (6.4%) did not meet the inclusion criteria and 3368 (52.6%) declined to participate resulting in a final cohort of 3028 women participating in the SUPERB study, with an inclusion rate of 47.4%. Data collection took place at the Osteoporosis Clinic, Department of Geriatric Medicine at the Sahlgrenska University Hospital in Mölndal, Sweden, from 2013 to 2016. The study was approved by the ethical review board at the University of Gothenburg.
Anthropometrics
Height was measured two consecutive times with a standardized wall-mounted stadiometer and if these two height measurements varied by ≥ 5 mm, a third measurement was made. An average of the two height measurements, or the two most similar measurements out of three, was used in the analysis. Weight was measured to the nearest 0.1 kg using the same scale for all participants.
Physical function
Physical function was measured with clinically applicable tests, i.e., one-leg standing, grip strength, and chair stand test. To assess the participants balance, the one-leg standing test was performed with eyes opened and with the arms crossed over the chest [24] . The test started when one leg was lifted with a flexed knee. The participants first performed a try attempt, followed by two timed attempts for each leg. The test was stopped either when the foot was back on the floor, the weight-bearing leg moved, the arms were let go from their position, or the maximum time of 30 s was reached. An average of the two tests for each leg was calculated and the maximum value of the two averages from each leg was used for the analysis.
Grip strength was measured twice for each hand with a Saehan hydraulic hand dynamometer (model SH5001; Saehan Corporation, Masan, South Korea). The test was performed by having the forearm and the dynamometer placed on a table. The participants were asked to hold the dynamometer in an upright position and press as hard as possible. An average was calculated from the test for both hands and the highest value was used for the analysis.
The 30-s chair stand test, which measures the number of times a participant can rise from a chair without aid from their arms, was used to evaluate the muscle strength of the participants' lower extremities. All participants started in a sitting position with their arms across their chest and, at a given signal, started the test by rising into a standing position, re-sitting, and repeating the movement a maximum number of times.
Questionnaires
All participants were asked to complete a validated questionnaire related to medical history, current medication, previous fractures, current smoking habits, alcohol consumption, calcium intake, and physical activity. Current smoking was defined from response ranging from smoking regularly or sometimes [25] . The participants answered questions relating to skeletal site and age of clinical fractures and only fractures sustained after the age of 50 years were included in the present study. The women's current physical activity was assessed by the validated self-reported questionnaire, physical activity scale for the elderly (PASE), constructed for individuals over 65 years, and proven to be a well-functioning tool to capture current physical activity in the elderly [26] . It comprises 12 items generating a total score, depending on the time spent or participation in different activities (mild, moderate, and intense) during the previous 7 days, multiplied by empirically derived weights. Excessive alcohol intake was defined as consuming more than three standard drinks per day and glucocorticoid usage was defined as daily oral treatment with at least 5 mg for a total of 3 months or more.
Health-related quality of life (SF-12)
HRQoL was measured using the 12-Item Short-Form Health Survey (SF-12), developed for patients with chronic conditions in the Medical Outcomes Study (MOS). The shorter version derived of the established SF-36, was constructed in order to reduce respondent burden while maintaining precision for the purpose of group comparisons [27] . The SF-12 measures 8 dimensions of health-related aspects: physical function, limitations due to physical health, bodily pain, general health, vitality, social function, limitations due to emotional health, and mental health. These 8 dimensions are recoded into two component summary scores: a physical summary score (PCS) and a mental summary score (MCS), ranging from 1 to 100, with a higher score indicating higher level of HRQoL [27] .
Dual-energy X-ray absorptiometry
Areal bone mineral density (g/cm 2 ) was measured at the lumbar spine with a Discovery Hologic (Waltham). Coefficient of variance was 0.7% for lumbar spine. One primary DXA-device, Hologic Discovery A (S/N 86491) (Waltham, MA, USA), was used in the study and measured most participants (n = 2995). A small proportion of women (n = 33) was measured with a Hologic QDR 4500/A Delphi DXA (Waltham, MA, USA). Potential discrepancy between the two machines was handled with a cross-calibration study previously described [28] .
Vertebral fracture assessment
Dual-energy x-ray absorptiometry was used to obtain lateral images of the spine, which enabled a vertebral fracture assessment (VFA) using the software Physicians' Viewer (Hologic). As previously described [14] , images of the vertebras T4-L4 were examined by two different operators, to define vertebral fractures in accordance with the semi quantitative classification (mild/moderate/severe and wedge/biconcave/crush) [14] . The reproducibility between-operators was 97.6% agreement, and within-operator, 98.9%.
Statistics
Women with a prevalent clinical vertebral or hip fracture after age of 50 were compared to women without any self-reported fracture or morphometric vertebral fracture according to VFA. Individuals (n = 6) with both self-reported hip and vertebral fracture were excluded from the analysis. Women were divided into tertiles according to time since most recent clinical vertebral fracture or hip fracture. Comparisons between the different tertiles for each fracture type and women without any fracture were made with analysis of variance (ANOVA). Dichotomous variables were compared with a chi-square test. Linear regression models were used to investigate whether time since either clinical vertebral or hip fracture, independently of other covariates (age, height, weight, current smoking, MCS, prior stroke, and grip strength) was associated with lower physical HRQoL (PCS). Sub analysis, comparing women with VFA defined morphometric vertebral fractures without any other reported fracture and women without reported clinical fractures, were performed. Differences were investigated with an independent sample t test for continuous variables and chi-square test for the dichotomous variables. Number and severity of vertebral fracture were also compared using ANOVA. All statistics were performed with SPSS (version 24, IBM) and a p value of less than 0.05 was considered significant.
Results
Study cohort
Of the 3028 women (age 77.8 ± 1.63 years) participating in the present study, a total of 130 women (4.3%) reported at least one previous (range 0.1 to 30.5 years ago) clinical vertebral fracture (Table 1) , and 56 women (1.85%) reported a previous hip fracture (range 0.8 till 29.3 years ago; Table 2 ) after the age of 50 years. Also, 2923 (96.5%) women were investigated for morphometric vertebral fractures using VFA. Within this group, 363 (12.4%) women had at least one morphometric vertebral fracture without any other fracture reported ( Table 1 ). Out of these morphometric fractures, 162 (5.5%) were mild, 151 (5.2%) moderate, and 50 (1.7%) severe. Also, from the identified women with morphometric vertebral fracture, 273 (9.3%) women had only one fracture, 66 (2.3%) had two fractures, and 24 (0.8%) had more than two fractures. All women with clinical vertebral fractures and hip fractures as well as morphometric vertebral fractures were compared with 1482 (50.7%) women without any fracture.
Time since clinical vertebral fracture
The women, who had reported clinical vertebral fracture were divided into tertiles (T1-T3) depending on time since most recent spine fracture (median (interquartile range): T1; 1.84 (1.21-3.05); T2; 7.86 (5.18-9.98); and T3; 18.9 (15.8-23.9) years) and were compared with women without fracture. Clinical vertebral fracture, divided into tertiles according to time since fracture, was associated with lower PCS, persisting for up to 18.9 years after the fracture had occurred (Fig. 1 ), but no difference was found for MCS ( Table 1) . The women with clinical vertebral fracture also reported a lower current physical activity level assessed with PASE and performed fewer chair stands, compared to women without fracture. Although the physical activity was lower, none of the other physical function tests were significantly different between tertiles of time since vertebral fracture. The proportion of current treatment with osteoporosis medication was higher for women with a clinical vertebral fracture. In addition, women within the first two tertiles, with shortest time since fracture onset, had a higher prevalence of prior strokes than women with no fracture (Table 1) .
Time since hip fracture
Women with hip fracture were divided into tertiles (T1-T3) depending on time since most recent hip fracture (median (interquartile range): T1; 2.11 (1.08-2.49); T2; 5.10 (4.42-6.39); and T3; 14.6 (10.8-19.8) years) and were compared to women without fracture. Hip fracture was associated with lower PCS (Fig. 2) . The proportion of current smokers and current use of osteoporosis medication was higher in women with hip fracture compared with women without a fracture (Table 2 ). However, no differences were found in terms of current physical activity or physical function between any of the tertiles compared to non-fractured women.
Morphometric vertebral fractures
Women with VFA-assessed vertebral fracture were older, shorter, had lower PCS score and aBMD at the lumbar spine, and had higher proportion of current use of osteoporosis medication than women without a fracture. These women also had worse balance, with a lower one-leg standing time, as well as lower muscle strength through lower grip strength and fewer chair stands (Table 1) . When divided by number and severity of fractures, there were associations between the number of vertebral fractures and lower level of PCS and lumbar spine aBMD, higher age and shorter stature as well as inferior balance and lower grip strength. In addition, increased number of vertebral fractures was associated with a higher proportion of glucocorticoid treatment and prior strokes. Increasing severity of VFA-assessed vertebral fracture was also associated with more advanced age, shorter stature, lower aBMD at the lumbar spine, higher proportion of glucocorticoid treatment, and lower physical function. In addition, severity of fracture was associated with impaired balance in one-leg standing, lower grip strength, and fewer chair stands (Table 3 ).
Multivariable analyses of predictors for physical health
Linear regression models, adjusted for age, height, weight, current smoking, MCS, prior stroke, grip strength, and lumbar spine BMD, showed that time since reported clinical vertebral fracture was associated with lower physical HRQoL for up to 18.9 years after the fracture had occurred (Table 4 ). In addition, in a subgroup analysis where time was treated as a continuous variable in a linear regression, with the same covariates as above, time since clinical vertebral fracture was associated with physical HRQoL (PCS) (ß = 0.35, p = 0.002). No association was found for MCS (ß = − 0.05, p = 0.69) after adjustment for age, height, weight, current smoking, PCS, prior stroke, grip strength, and lumbar spine BMD.
Discussion
In the present study, older women with clinical vertebral fractures had a lower physical HRQoL than women without fragility fractures and the association could be detected for up to 18.9 years after the fracture had occurred, also after adjustment for potential confounders (i.e., age, weight, height, smoking, MCS, prior stroke, grip strength, and lumbar spine BMD). Although the time since the vertebral fracture was related to an enhanced physical HRQoL, women with a vertebral fracture never reverted back to the same level as the women without fracture. We also found a similar trend of lower physical HRQoL over time in older women with hip fracture. Women with a hip fracture had a lower physical HRQoL than women without a fragility fracture, for up to 14.6 years. However, due to the limited number of fractures when divided into tertiles, the statistical power was insufficient to identify significant differences, compared to women without any fracture, in the post hoc test for the time frame of 5.10 to 14.6 years. Ström et al. compared the loss of HRQoL for radiographic confirmed hip, wrist, and vertebral fractures and concluded that the group with vertebral fractures had two times greater reduction in HRQoL compared to the group with hip fracture [1] . Clinical and morphometric vertebral fractures' association with lower HRQoL could be due to several reasons. The primary reasons discussed for experience lower HRQoL are pain and immobility, which leads to difficulties in performing physical function tasks and thereby often leads to social isolation. As a result of limited physical function, many estimate their mental health as lower. Lower mental HRQoL has previously been shown to be connected to increased fear of falling, limiting the progress of recovery after fracture even further. However, in the present study, no association between mental HRQoL and clinical vertebral fracture or hip fracture was found, which indicates that clinical vertebral fractures are associated with worse physical HRQoL independently of mental HRQoL. Previous studies have found that the physical domain is the more prominently affected aspect in older women after sustaining a vertebral or hip fracture and that the mental aspects more often remain unchanged [29, 30] .
We also investigated the level of HRQoL in women with morphometric vertebral fractures and found that these fractures were associated with lower physical HRQoL. The number and severity of these fractures were associated with a lower physical HRQoL, which is in concordance with previous studies including results from a subpopulation of the presently investigated cohort [14, 31] . Interestingly, even if a lower physical function was found for women with morphometric vertebral fractures, no difference was found for PASE. Such discrepancy might lie within PCS capturing physical function, over a longer time span and in coherence with general health as compared to PASE, which captures physical activity more than function over the last 7 days.
Vertebral fractures have been shown to reduce the level of HRQoL to the same extent as chronic obstructive pulmonary and cardiac disease [29] . Vertebral fractures, even the Differences were compared with ANOVA and following post hoc analyses were performed with least significant difference (LSD) and significant levels are presented as *p < 0.05 Table 3 Baseline characteristics for number and severity of morphometric vertebral fractures and women without fracture Each column presents the maximum number of participants and deviations are denoted for each variable by the following: Ω 1480, † asymptomatic ones [32] , are associated with lower HRQoL and the effect persists over time. In a prospective follow-up study, Hallberg et al. showed that HRQoL was still inferior 7 years after vertebral fracture onset, while women with hip fracture had reverted to the same level as an age and sex matched reference group after 7 years [16] . Results from the present study imply an even more serious situation, since women with a clinical vertebral fracture reported lower HRQoL than non-fractured women for up to 18.9 years after the fracture. However, other studies have reported the contrary with improvement of HRQoL within 2 [33] to 4 [34] years after onset of vertebral fracture but there could be the factor of cultural differences [35] . With a cross-sectional design used in the present study, one should keep in mind that these results do not show a difference between pre-and post-fracture, whereas only a time-dependent association between prior vertebral fracture and HRQoL. Prevalent vertebral fractures are associated with a fivefold increased risk of sustaining a second vertebral fracture and the risk increases dramatically with both number and severity of the fracture [36] . Moreover, a mortality rate as high as 6-15% has been reported during the first year after the fracture [4] . Even with such devastating numbers, many individuals with vertebral fractures continue to go unnoticed and are never diagnosed and therefore never treated, or treated too late, for the underlying osteoporosis. This might be due to diffuse and low symptom burden for the patient, making it assessed as an age-related differential diagnosis [2, 5, 13, 37] .
The SF-12 questionnaire was used to reduce the burden of the respondent and was used in its predefined and well validated form [38] , where a total composite score is produced for both mental (MCS) and physical (PCS) health. Using the component summary scores provides a better precision in reporting level of physical and mental HRQoL, rather than the 8 different sub-domains, by reducing the number of statistical assessments [27] .
The strengths of the present study include the large and population-based cohort, evaluated with a wide-range of both physical tests, i.e., bodily constitution, physical function of balance, grip strength, and muscle strength, DXA with VFA as well as self-reported items (i.e., PASE, SF-12, lifestyle factors, medication, and co-morbidities). The use of VFA-assessed vertebral fractures also enabled the selection of women without any morphometric or self-reported fractures.
However, the study also has some limitations. The response rate of 47.4% implies that the findings from our study do not necessarily apply in all older women in the general population. Research aiming to study older and more frail people can generate difficulties in enrollment of participants due to high symptom burden, which might result in a selection bias. Included participants are often more physically active, more motivated, have less medical treatment, fewer co-morbidities, and lower symptom burden, which could result in a study group representing a healthier sample than the true population of interest [39] .
In conclusion, we have demonstrated that women in this study, with clinical vertebral fracture, have lower physical HRQoL than women without fracture and that this association could be detected for up to 18.9 years after fracture, even after adjustment for potential confounders (i.e., age, weight, height, smoking, MCS, prior stroke, grip strength, and lumbar spine BMD). Our results indicate that clinical vertebral fractures affect physical HRQoL to the similar extent as hip fracture, further emphasizing the importance of preventing vertebral fractures and instituting symptomatic treatment in women who already have these fractures.
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